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Abstract

Background: This study evaluates the antimicrobial activities, phytochemical
composition, and thin layer chromatography (TLC) profile of ethanolic and
aqueous leaf extracts of Gossypium hirsutum L. and Abelmoschus esculentus
(L.) Moench.

Aims: The objective is to investigate the phytochemical constituents and assess
the antimicrobial efficacy of these plant extracts against various pathogenic
microorganisms.

Methods: Leaves were collected, identified, air-dried, and powdered. Ethanolic
and aqueous extracts were prepared and subjected to TLC analysis using silica
gel plates and a mobile phase of ethanol, methanol, and ethyl acetate (5:3:2).
Phytochemical screening was conducted using standard protocols. Antimicrobial
activity was evaluated using the agar well diffusion method against pathogens
including Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae,
Salmonella typhi, Proteus, Streptococcus pneumoniae and Candida spp.
Results: TLC analysis revealed seven compounds in G. hirsutum and six in
Abelmoschus esculentus with distinct Rf values. Phytochemical screening
identified phenols/tannins, saponins, flavonoids, reducing sugars, terpenoids,
and anthraquinones in G. hirsutum, while A. esculentus contained all tested
phytochemicals except phytosterol and essential oil. The antimicrobial assay
indicated that ethanolic extracts of both plants exhibited significant antibacterial
activity, with G. hirsutum showing higher efficacy. Ethanolic extracts of G.
hirsutum inhibited S. aureus and S. typhi effectively, while aqueous extracts
showed limited activity. Extracts of A. esculentus leaves inhibited all tested
organisms except Proteus, with ethanol extracts also ineffective against S.
pneumoniae.

Conclusion: The study demonstrates that ethanolic extracts of G. hirsutum and
A. esculentus possess antimicrobial properties. These findings support the
potential use of these plant extracts in developing natural antimicrobial agents.
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1. INTRODUCTION

The resistance of the bacteria to the innumerous antimicrobial agents constitutes one of the great challenges
in the treatment of infections (Nunes et al., 2006). Antimicrobial resistance is a global problem that impacts
all countries and all people regardless of their wealth or status. The rise and spread of antimicrobial resistance
is creating a new generation of superbugs that cannot be treated with existing medicines activity (Vijapur et
al., 2021). The cause of the occurrence of resistance to antimicrobial agents is mainly associated with the
misuse of the drugs (Saddiq et al., 2023).

Plants are recognized as the primary source in traditional care systems due to their curative potency (Begum
et al., 2020). Traditional herbal medicine development and utilization can be traced back to the Stone Age.
Traditional healing and magic or incantations appear to be significantly more common than Western medicine
(Bunu et al., 2023). A medicinal plant is any plant material be it seeds, root extracts or leaves extract that is
used to cure or fight against infection or attempt to maintain health, which are to be administered for specific
ailments which can either be in modern or traditional medicine (Lawal et al., 2019). This is because plants are
naturally endowed with phytochemicals capable of curing a number of diseases (Saddiq et al,. 2023).

Gossypium L. is one of the genera under the leaf succulent family malvaceae (Nwobodo, 2013; Al-Snafi,
2018). It is generally referred to as cotton plants are used indiscriminately in traditional medicine without
cognizance to the fact that there are various cotton species and the likelihood of differences in phytochemical
content and importantly, their medicinal capabilities (Oni et al., 2022). It is a perennial shrub that grows to
approximately 1.5- 2 m and has the potential to develop leaves, stem, flowers, fruits and seeds all at the same
time. The seed vary from black and smooth to green with tightly adhering fuzz (Ayeni et al., 2015) and
germinates in 14-21 days at 20-23°C (Chinweuba et al., 2013). The name “cotton” (English) originated from
the Arabic term “al qutn” and it describes species that produce spinnable fibres (lint) on their seed coat. The
name 'cotton plant' is actually used for four species in the genus Gossypium; G. hirsutum L., G. barbadense
L., G. arboretum L. and G. herbaceum L. that were domesticated independently as a source of textile fiber
(Ade-Ademilua and Okpoma, 2018).

The plant A. esculentus (L.) Moench, formally known as Hibiscus esculentus L (Carla et al., 2011). A.
esculentus (Okra) is belonging to the family Malvaceae (Chancha et al., 2018), it is an important vegetable
crop grown mainly in the tropical or sub-tropical regions during summer and rainy season (Solomon et al.,
2016). It is principally used in the preparation of soup in Nigeria (Chukwuka et al., 2014).1t is apparently
originated in Ethiopia, higher parts of the Anglo-Egyptian Sudan (Binalfew & Alemu, 2016), Okra, commonly
called gumbo, ockro, okro and bhindi (Sandra, 2017) and known as “lady finger” (Binalfew & Alemu, 2016;
Chaudhari et al., 2011). Traditionally parts of the plants are assumed to have medicinal properties like
antioxidant antispasmodic, demulcent, diaphoretic, diuretic, emollient, and stimulant (Chaudhari et al., 2011).

While various research studies have explored different species of the genera Gossypium L. and
Abelmoschus Medik., scientific findings on the pharmacological activities of the plant found in Askira Uba,
Borno State, Nigeria remain limited. The aim of this research is to compare the therapeutic properties of G.
hirsutum and A. esculentus with established therapeutic data of species of the plants’ genera from the
literature.
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2 Materials and Methods
2.1 Chemicals and Reagents

Unless otherwise stated all chemicals and reagents used were of analytical grade and purchased from
Scientific Laboratory (Jimeta-Yola, Adamawa State, Nigeria).

2.2 Sample Collection and Identification

Gossypium hirsutum L. and Abelmoschus esculentus (L.) Moench leaves were collected from the bush area
of Askira Uba, Local Government Area of Borno State, Nigeria, and were identified by Professor Dimas
Kubmarawa, a Professor of Natural Products in the Department of Chemistry, Modibbo Adama University,
Yola.

23 Preparation of Sample

The leaves of G. hirsutum and A. esculentus plants were washed and air-dried in Chemistry Laboratory 2,
Science Complex of the Faculty of Science, Adamawa State University, Mubi, under shade at room
temperature. They were then weighed and ground to a coarse powder using a sterile mortar and pestle. The
powders were stored in an airtight container and used for successive analysis (Kubmarawa et al., 2009).

2.4 Plant Preparation and Extraction

100 g of the G. hirsutum and A. esculentus powder were weighed and extracted using ethanol and water
solvents in separate airtight containers for 24 hours. The resultant mixtures were filtered with filter paper
(Whatman No. 1) under gravity. The filtrates were dried at 60°C on a water bath to yield ethanolic extract
residue (Adamu et al., 2018).

2.5 Thin Layer Chromatography (TLC) Analyses

Thin layer chromatography was carried out on the ethanolic extract using silica gel pre-coated glass plates.
Two grams of concentrated dry extract of G. hirsutum and A. esculentus samples were diluted with 70%
ethanol. Samples were adjusted to a volume of 1 mL, which was further spotted on preparative TLC plates
(Giri et al., 2020). A microsyringe was used to uniformly apply 10 pL of the extracts on the TLC plate to make
a spot, which was then allowed to dry. The plates were developed in a chromatographic tank using a mobile
phase comprising ethanol, methanol, and ethyl acetate (5:3:2). The developed plates were air-dried. The
retardation factor (Rf) for each component was calculated using the following formula:

Distance travelled by compound (DC
Rf =— y compound (DC) i« mar et al., 2013).
Distance travelled by solvent front (DS)

2.6 Phytochemical Screening

Phytochemical screening was performed using standard procedures. By using different specific reagents, the
presence of main groups of natural products was detected in the ethanolic extracts of G. hirsutum and A.
esculentus.

2.6.1 Alkaloids
To a few milliliters of the plant sample extract, two drops of Mayer’s reagent are added along the sides of the

test tube. The appearance of a white creamy precipitate indicates the presence of alkaloids (Banu and
Catherine, 2015).

Journal of Natural Products Discovery | ISSN 2755-1997 | 2024 | Volume 3, Issue 2, Article 2579, Page 3 of 13



Chika et al. | Antimicrobial properties of cotton and okra leaves extracts

2.6.2 Phenolic Compounds and tannins

50 mg of the extract is dissolved in 5 mL of distilled water. To this, a few drops of neutral 5% ferric chloride
solution are added. A dark green color indicates the presence of phenolic compounds. For the detection of
tannins, 2 mL of the extract is placed in a test tube and gently heated for 2 minutes. An orange color
observed after adding 3 drops of ferric chloride indicates the presence of tannins (Rashed et al., 2019).

2.6.3 Saponins

5 mL of the extract sample was diluted with 15 mL of distilled water. The resultant mixture was shaken
strongly; the appearance of foam indicates the presence of saponins (Oscar et al., 2020).

2.6.4 Flavonoids

A portion of the extract was dissolved in 2 mL of 50% methanol. Metallic magnesium chips and a few drops
of concentrated hydrochloric acid were added. The appearance of a red color indicates the presence of
flavonoids (Namadina et al., 2020).

2.6.5 Glycosides

Glycosides were detected by adding a few drops of glacial acetic acid, ferric chloride, and concentrated
sulfuric acid to each sample through the side wall of the test tube. A reddish-brown color appeared at the
junction of the two layers, and the upper layer appeared bluish-green (Rajitha et al., 2022).

2.6.6 Phytosterols

Salkowski’s Test: Extracts were treated with chloroform and filtered. The filtrates were treated with a few
drops of concentrated sulfuric acid, shaken, and allowed to stand. The appearance of a golden yellow color
indicates the presence of triterpenes (Khanal et al., 2015).

2.6.7 Reducing Sugars

The aqueous ethanol extract (0.5 g in 5 mL of water) was added to boiling Fehling’s solution (A and B) in a
test tube. The solution was observed for a color reaction (Ayoola et al., 2008).

2.6.8 Proteins and Amino Acids

Xanthoproteic Test: The extracts were treated with a few drops of concentrated nitric acid solution. The
formation of a yellow color indicates the presence of proteins (Khanal et al., 2015).

2.6.9 Terpenoids

A small sample of the extract was treated with 1 mL of acetic anhydride, 1 mL of trichloromethane, and 1
mL of sulfuric acid. The production of a violet color indicates the presence of terpenoids (Oscar et al., 2020).
2.6.10 Anthraquinones

To a portion of the extract in a dry test tube, 5 mL of chloroform was added and shaken for at least 5
minutes. This was filtered, and the filtrate was shaken with an equal volume of 10 % ammonium solution.
A bright pink color in the aqueous upper layer indicates the presence of free anthraquinones (Namadina et
al., 2020).

2.6.11 Essential Oils

Two drops of ferric chloride were added to 90% alcohol containing a small quantity of the extracts. The
appearance of a greenish coloration indicated the presence of essential oils (Muhammad et al., 2018).
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2.7 Antimicrobial Test
2.7.1 Collection of Microorganisms

The test organisms used were collected from the stock cultures of the General Hospital, Infinity Medical
Laboratory, Ecogate Clinic and Maternity, and New Life Hospital, all located in Mubi Local Government Area
of Adamawa State, Nigeria. The microorganisms are: E. coli, S. aureus, K. pneumoniae, S. typhi, P. vulgaris,
S. pneumoniae, and Candida.

2.7.2 Solvent Extraction

A quantity of 200 g of plant powder was extracted in 200 mL of ethanol (95 % w/v) for 24 hours, strained, and
the extract was concentrated to dryness at 60 °C in a water bath. The same procedure was used for aqueous
extraction. The extracts were then refrigerated at 4 °C prior to use. Amounts of 3 grams, 5 grams, 7 grams,
and 9 grams of the extract were reconstituted in 10 mL of sterile distilled water to obtain solutions of 0.3, 0.5,
0.7, and 0.9 g/mL concentrations, respectively while the reference drug, ciprofloxacin USP 500 mg prepared
at 0,9, 0.7, 0.5, 0.3 and 0.1 mg/mL, respectively were used for the antimicrobial screening (Ogunsola and
Fasola, 2014).

2.7.3 Preparation of Media

Two grams of nutrient agar was homogenized in 1 liter of distilled water using a water bath at 100°C. This
was then autoclaved at 121 °C for 15 minutes. The medium was cooled to 45 °C after autoclaving before
pouring into plates and used for subsequent bacteria plating (Ogunsola and Fasola, 2014).

2.7.4 Evaluation of Antimicrobial Test

The level of susceptibility of each test organism was determined using the agar well diffusion method. The
plates were inoculated with the test isolates. Afterwards, a sterile cork borer of 5 mm diameter was used to
make holes in the nutrient agar plates. 0.2 mL of the extract was filled into each appropriately labeled well.
The inoculated plates were kept at room temperature for 30 minutes to allow the extract to diffuse into the
agar and were then incubated at 37 °C for 24 hours. Antimicrobial activity was determined by zones of
inhibition, which were quantified by measuring the diameter of the zone of inhibition in millimeters (mm) using
a meter rule after incubation (Okorondu et al., 2015).

3 RESULTS AND DISCUSSION
3.1 Preliminary Thin Layer Chromatography Profiling

The TLC of the ethanol extract of G. hirsutum leaves revealed the presence of seven (7) compounds while
the ethanol extract of A. esculentus leaves revealed the presence of six (6) compounds as shown in Figure
1. The distance moved by the solvent (DS) is 12 cm. The presence of different Rf values shows that there is
a distinction between diverse components isolated individual representatives implying that each plant has
several phytochemicals. Comparative between G. hirsutum and A. esculentus with greater Rf value spread
in G. hirsutum may suggest possibilities for a higher chemicals diversity in G. hirsutum.
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Figure 1. TLC sketch of the thin layer chromatography of Gossypium hirsutum and Abelmoschus
esculentus ethanolic extracts (created with ChemDraw).

3.2 Phytochemical Screening of G. hirsutum and A. esculentus

The preliminary phytochemical screening conducted on the ethanol extracts of G. hirsutum and A. esculentus
leaves revealed the presence of various bioactive secondary metabolites, confirmed through chemical color
reaction tests, as shown in Table 1. The results from the phytochemical analysis of G. hirsutum leaf extracts
showed the presence of phenols/tannins, saponins, flavonoids, reducing sugars, terpenoids, and
anthraquinones, while alkaloids, glycosides, and proteins/amino acids were found to be absent. For A.
esculentus, all the phytochemicals tested were present except for phytosterols and essential oils, which were
absent in both plant extracts. These findings are consistent with those of Abdel-Razek et al. (2023), who
reported that flavonoids and terpenes are the main secondary metabolites detected in all parts of A.
esculentus. Ayushi et al. (2016) reported that the aqueous extract of A. esculentus leaves showed a significant
presence of alkaloids, carbohydrates, flavonoids, terpenoids, and tannins compared to saponins, steroids,
and glycosides, which were present to a lesser extent. They noted that anthocyanins, anthraquinones, and
proteins were completely absent.

In contrast, Al-Snafi (2018) and Patil et al. (2014) found that G. hirsutum contained alkaloids, phenolic
compounds, terpenoids, tannins, saponins, flavonoids, cardiac glycosides, and proteins. The phytochemical
analysis conducted in this study indicated that G. hirsutum leaves also contained bioactive compounds, which
are the primary basis for the medicinal properties of the plant. Ayeni et al. reported the presence of and
medicinal properties of secondary plant metabolites such as alkaloids, saponins, cardiac glycosides,
flavonoids and tannins in the leaves of G. hirsutum and M. charantia as reason why they are used as
medicinal plants (Ayeni et al., 2015).
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Phytochemicals determined in G. herbaceum leaf extract, a species of the genus Gossypium, include tannins,
anthraquinones, flavonoids, and terpenoids, which are similar to the findings of this study except for the
absence of cardiac glycosides, which were not present in the Gossypium species used in this research
(Adekanmbi et al., 2024). Ade-Ademilua and Okpoma (2018) also confirmed the presence of tannins in G.
hirsutum leaf extract.

Table 1. Phytochemical Composition of G. hirsutum and A. esculentus etanolic extracts

1 Alkaloids = +
2 Tannins + +
3 Saponins + +
4 Flavonoids + +
5 Glycosides - +
6 Phytosterols - -
7 Reducing Sugars + +
8 Proteins - +
9 Terpenoids + +
10 Anthraquinones + +
11 Essential Oil - -
Key: (+) present, (-) absent

3.3 Antimicrobial Tests
3.3.1 Antimicrobial Inhibition of G. hirsutum extracts on test organisms

The pharmacological action of a plant cannot be ascertained by phytochemical studies alone, highlighting the
need for antimicrobial tests (Ade-Ademilua and Okpoma, 2018). Table 2 shows the diameter of the zone of
inhibition (mm) of various pathogenic organisms tested with the ethanol and aqueous leaf extracts of G.
hirsutum and A. esculentus.

The antimicrobial assay confirmed that the leaf extracts exhibited significant antibiotic activity compared to
the reference drug, Ciprofloxacin USP 500 mg, against some of the bacteria tested. The results of this study
indicated that the ethanol extract of G. hirsutum was more effective against test pathogenic organisms
compared to its aqueous extract in a concentration-dependent manner. No inhibition was observed with
Proteus for either extract. The ethanol extract demonstrated inhibition against S. typhi, whereas the aqueous
extract showed no inhibition.

Ade-Ademilua and Okpoma (2018) found antimicrobial activity of ethanol leaf extract of G. hirsutum against
E. coli (11.33 mm), S. aureus (11.33 mm), S. sonnei (8.67 mm), P. aeruginosa (11.00 mm), E. coli ATCC
25922 (9.67 mm), and K. pneumoniae (10.00 mm) at 0.5 g/mL. Egbuta et al. (2017) noted that compounds
derived from cotton have exhibited antimicrobial activity against fungi and bacteria in both in vitro and in vivo
studies at concentrations between 5 pg/mL and 117 pg/mL. Al-Snafi (2018) observed that the free flavonoid
fraction of G. hirsutum seeds’ edible oil demonstrated antibacterial and antifungal activity with a diameter of
inhibition of 12.33, 10, 10.16 mm against E. coli, T. rubrum, and C. albicans respectively at a concentration
of 1 mg/mL.
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Saddiq et al. (2023) reported the Mean Zone of Inhibition of another species of the genus, Gossypium, with
28.50, 26.40, and 21.00 mm against E. coli, P. aeruginosa, and S. aureus respectively at the highest
concentration of 500 mg/mL of G. barbadense leaves ethanol fraction. Contrary to this, Chaturvedi et al.
(2009) reported antimicrobial activity of free flavonoids (FF) and bound flavonoids (BF) fractions from cotton
seed of G. hirsutum with the FF fraction showing activity index of 0.35 against E. coli and the BF with activity
index of 0.32 against S. aureus and no activity against P. aeruginosa, while both fractions of the tissue culture
(Callus) show no microbial resistance against the three organisms earlier mentioned. On the other hand,
Vijapur et al. (2021) found that G. hirsutum ethanolic and aqueous leaf extracts did not show any inhibition
against S. aureus, S. mutans, K. pneumoniae, P. aeruginosa, C. albicans, and A. niger at a concentration of
2mM but demonstrate appreciable activity with ethanol and aqueous silver nanoparticles of G. hirsutum at a
concentration of 10 mg/mL. Lima et al. (2021) observed that G. hirsutum alcoholic leaf extracts exhibited
inhibitory activity against S. aureus, with promising results from the 30% alcoholic extract, and were capable
of inhibiting the growth of E. coli strains. Differently, the acetone leaf extract of G. herbaceum was active
against E. coli (MIC 6.3 mg/mL), and other species of bacteria as E. faecalis (MIC 1.6 mg/mL), P. aeruginosa
(MIC 3.1 mg/mL), and S. aureus (MIC 0.78 mg/mL).

Ikobi et al. (2012) also reported on a different species of Gossypium that methanol extracts of G. barbadense
leaves demonstrated antibacterial activities against four of the five test organisms (P. aeruginosa, S. aureus,
E. coli, P. mirabilis, and S. sonnei) with mean inhibition zone diameters (1ZD) ranging from 12 to 17 mm. At a
concentration of 10 mg/mL, the extract did not inhibit P. mirabilis and S. sonnei, but inhibited the growth of
these two organisms at 20 and 30 mg/mL, while the extract shows no inhibition activity at all against E. coli
at all concentrations. Similarly, El-Mesallamy et al. (2023) found that methanolic leaf extracts of G.
barbadense L. exhibited antibacterial activity against S. aureus and E. coli only out of the six microorganisms
used with inhibition zones of 10 mm and 15 mm, respectively, and showed no inhibition against P. aeruginosa,
S. enterica, A. niger, and A. fumigatus. The result also revealed that the bolls and flower extract demonstrated
higher antimicrobial activity than the leaf extracts in terms of their diameter of inhibition zone. Similarly,
Anyanwu and Okoye (2017) and Mustapha et al. (2015) reported that A. occidentale and G. hirsutum,
traditionally used to treat stomach ailments in Southwest Nigeria, had minimum inhibitory concentrations
(MIC) ranging from 0.05 to 0.10 mg/mL of their ethanol leaf extracts against S. aureus, E. coli, S. dysenteriae,
S. typhimurium, and P. aeruginosa.

Adekanmbi et al. (2024) observed that G. herbaceum methanol leaf extract demonstrated antibacterial effect
against various test organisms obtained from various sources at varying concentrations: S. aureus (200
mg/mL, urine), S. faecalis (25 mg/mL, semen), S. pyogenes (6.25 mg/mL, High Vaginal Swabs, HVS), K.
pneumoniae (100 mg/mL, urine), P. mirabilis (200 mg/mL, urine), P. aeruginosa (50 mg/mL, semen) and E.
coli (6.25 mg/mL, urine). Islam et al. (2007-2010) found that ethanol whole plant extracts of M. parviflora L.,
a member of the Malvaceae family along with G. hirsutum, displayed antibacterial activity at 5, 50, and 100
mg/mL against B. subtilis with inhibition diameters ranging from 9.67 to 12.87 mm.

The findings suggest that bioactive compounds in these plant leaves could be incorporated into the synthesis
of new drugs (Chinweuba et al., 2013).
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Table 2. Antimicrobial Inhibition of G. hirsutum agueous and ethanolic extracts

Treatment Zone Of Inhibition (mm)

Aqueous extract Ethanolic extract
Extract Concentration (g/mL) 0.9 0.7 0.5 0.9 0.7 0.5

P. vulgaris (g/mL) - - = = - -

K. pneumoniae (g/mL) 10 - - 12 8 -
S. aureus (g/mL) 14 9 - 13 10 7

S. typhi (g/mL) - - - 14 - -

E. coli (g/mL) 10 - - 12 - -

S. pneumoniae (g/mL) - 7 - 10 8 -
P. aeruginosa (g/mL) 12 - - 13 8 -
Ciprofloxacin (mg/mL) 19 16 14 21 19 15

3.3.2 Antimicrobial Inhibition of A. esculentus extracts on test organisms

Table 3 reveals that both agueous and ethanol extracts of A. esculentus inhibit all the test organisms except
Proteus. Additionally, the ethanol extract showed no antimicrobial activity against S. pneumoniae. Both
aqueous and ethanol extracts demonstrate microbial growth resistance in a concentration-dependent manner.

Table 3. Antimicrobial Inhibition of A. esculentus aqueous and ethanolic extracts

Aqueous extract Ethanolic extract
Extract Concentration (g/mL) 0.9 0.7 0.5 0.9 0.7 0.5

P. vulgaris (g/mL) - - - 5 - -

K. pneumoniae (g/mL) 8 - - 12 8 -
S. aureus (g/mL) 15 13 - 18 15 10

S. typhi (g/mL) 11 - - 11 10 -

E. coli (g/mL) - 10 - 17 11 -

S. pneumoniae (g/mL) 11 - - - - -
Candida (g/mL) 16 - - 19 17 -
Ciprofloxacin (mg/mL) 23 17 12 25 19 13

In a related study, Sandra (2017) found that aqueous and ethanol extracts of A. esculentus seeds were
effective against L. monocytogenes, B. cereus, S. aureus, E. coli, and S. enterica at 100 mg/mL. L.
monocytogenes was inhibited at all tested concentrations. S. aureus was inhibited at 75 and 50 mg/mL, while
B. cereus and S. enterica were not inhibited at these lower concentrations. E. coli was also not inhibited at 75
mg/mL, while Bello et al. (2015) reported the ethanolic leaf extract of okra inhibiting antibacterial activities of
Staphylococcus, E. coli, Klebsiella, and Pseudomonas at various concentrations of 50, 25, 12.5, and 6.25
mg/mL. This supports the result of this study on the susceptibility of the test organisms more to ethanol leaves
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extracts over the aqueous extracts. The microbial resistant ability of these plants suggests their possible
applications in the food and pharmaceutical industries, in agreement with Carla et al. (2011).

Chaudhari et al. (2011) reported that alcoholic fruit extracts of A. esculentus exhibited inhibition of the growth
of pathogenic bacteria at a prepared concentration of 50 mcg/mL against K. pneumoniae, P. aeruginosa, E.
coli, B. subtilis, and S. pyogenes in both n-butanol and methanol extracts, while S. aureus was only
susceptible to the n-butanolic extract. Meanwhile, P. mirabilis was not inhibited by both alcoholic extracts.
Similarly, Wulandari and Wardani (2019) demonstrated that purple okra fruits inhibits the growth of E. coli
bacteria. This was shown by inhibition zones, with the most effective concentrations being 40%, 50%, and
60%, which produced zones measuring 6.67 mm. In a research involving the synthesis of nanoparticles from
okra pulp, Abdel-Razek et al. (2023) found that gold nanoparticles (Au NPs) of A. esculentus pulp aqueous
extract (0.2 mg/mL) exhibited antibacterial activity against five tested bacterial strains: B. subtilis, B. cereus,
M. luteus, P. aeruginosa, and E. coli, with inhibition zones of 26, 24, 35, 21, and 15 mm, respectively.
Shamsudin et al. (2022), Setiani (2020), Wulandari and Wardani (2019), and Zhou et al. (2023) stated that
the antimicrobial potential of A. esculentus is due to the presence of phytochemicals responsible for the
therapeutic properties of medicinal plants. They noted that flavonoids cause damage to the permeability of
bacterial cell walls, microsomes, and lysosomes through interactions between flavonoids and bacterial DNA.
Additionally, Solomon et al. (2016) noted that flavonoids are known to exhibit antimicrobial activity through
the formation of a complex with the bacterial cell wall.

The antimicrobial activity of both plant solvent extracts is only effective at higher concentrations. Beyond the
concentration factor, the type of antimicrobial material produced also determines the ability to inhibit bacterial
growth. The antibacterial activity of A. esculentus aligns with the report of Wulandari and Wardani (2019),
who attributed it to the presence of nutritious compounds such as flavonoids, tannins, saponins, triterpenoids,
steroids, and alkaloids.

CONCLUSIONS

The study investigated the antimicrobial activities, phytochemical composition, and thin layer chromatography
(TLC) profile of G. hirsutum and A. esculentus leaf extracts. TLC analysis provided values indicating diverse
phytochemical constituents within the extracts. The antimicrobial assays revealed that both plants possess
significant antibacterial properties, with ethanolic extracts showing superior efficacy compared to agueous
extracts. These findings underscore the potential of G. hirsutum and A. esculentus as sources of natural
antimicrobial compounds. The superior efficacy of the ethanolic extracts suggests that ethanol is a more
effective solvent for extracting bioactive components from these plants. Also, the antimicrobial test findings
did not include 0.1 and 0.3 g/mL concentrations since they did not have any action against all the
microorganisms tested. This exclusion is therefore not seen as a study limitation but only meant to elaborate
on methodology in which they are mentioned in relation to making plant extracts. The preliminary TLC results
presented do not fully represent the actual number of compounds in these plant extracts. Recognizing the
role of solvent type in the isolation of compounds, future research will explore the use of different solvent
mixtures to potentially yield a higher number of spots, indicating the presence of various compounds. This
approach aims to enhance the identification of phytochemical constituents in the extracts.

The study offers valuable insights into the phytochemical and antimicrobial properties of these plants. Future
studies could focus on isolating specific bioactive compounds responsible for the antimicrobial effects and
exploring their mechanisms of action, which could lead to the development of novel therapeutic agents for
combating microbial infections.

It should be mentioned that within the TLC analysis, we did not consider using standard references (e.g., rutin
and caffeic acid) that are most commonly applied for making comparisons and identification of specific
flavonoids and phenolic compounds because this is an inceptive research that aimed at revealing a
preliminary profile concerning phytochemicals present in these extracts; therefore, we intend to address this
constrained aspect by incorporating standard references into future studies, thus increasing precision during
comparison of outcomes.”

Journal of Natural Products Discovery | ISSN 2755-1997 | 2024 | Volume 3, Issue 2, Article 2579, Page 10 of 13



Chika et al. | Antimicrobial properties of cotton and okra leaves extracts

Conflicts of Interest
The authors declare no personal or financial conflict of interest related to this work.
REFERENCES

Abdel-Razek,M. A. M., Abdelwahab, M. F., Abdelmohsen, U. R. & Hamed, A. N. E. (2023) A Review:
Pharmacological Activity and Phytochemical Profile of A. esculentus (2010-2022). R. Soc. Chem. Adv., 13,
15280-15294.

Adamu, M. O., Ameh, S. F, Ettah, U. A. O., Okhale, S. E. (2018) Chromatographic and antiproliferative
assessment of the aerial root of Ficus thonningii Blume (Moraceae). MicroMed., 6(1), 1-9.

Ade-Ademilua, O. E. & Okpoma, M. O. (2018) G. hirsutum L. and Gossypium Barbadense L.: Differences
in Phytochemical Contents, Antioxidant and Antimicrobial Properties. Ife J. Sci., 20(1), 77-88.

Adekanmbi, I. C., Fabowale, P. O. & Ogundare, A. O. (2024) Effects of cotton plant (Gossypium herbaceum
Linn.) extracts on some vancomycin and methicillin-resistant pathogenic bacteria. World J. Adv. Res. Rev.,
22(01), 1657-1670.

Al-Snafi, A. E. (2018) Chemical constituents and pharmacological activities of Gossypium herbaceum and
G. hirsutum - A review. Intl. Org. Sci. Res. J. Pharm., 8 (5), 64-80.

Anyanwu, M. U. & Okoye, R. C. (2017) Antimicrobial activity of Nigerian medicinal plants. J Intercult
Ethnopharmacol, 6(2), 240-259.

Ayeni, M. J., Oyeyemi, S. D., Kayode, J., Peter, G. P. (2015) Phytochemical, Proximate and Mineral
Analyses of the Leaves of G. hirsutum L. and Momordica charantia L. J. Nat. Sci., 5(6), 99-107.

Ayoola, G. A., Coker, H. A. B., Adesegun, S. A., Adepoju-Bello, A. A., Obaweya, K., Ezennia, E. C. &
Atangbayila, T. O. (2008) Phytochemical Screening and Antioxidant Activities of Some Selected Medicinal
Plants Used for Malaria Therapy in Southwestern Nigeria. Trop J Pharm Res, 7(3), 1019-1024.

Ayushi, T., Prachee, D., Gupta, S. K. & Geeta, W. (2016) Screened Phytochemicals of A. esculentus
Leaves and their Therapeutic Role as an Antioxidant. Int. J. Phcog. Phytochem. Res.; 8(9), 1509-1515.

Banu, K. S. & Cathrine, L. (2015) General Techniques Involved in Phytochemical Analysis. Int. J. Adv. Res.
Chem. Sci., 2(4), 25-32.

Begum, H. A., Hamayun, M., Rauf, M., Gul, H., Ali, K., Khan, W., Schulze, M. & Shah, M. (2020)
Antimicrobial, antioxidant, phytochemical and pharmacognostic study of the leaf powder of Ficus carica L.
Pure Appl. Biol., 9(1), 999-1008.

Bello, H. S., Mustapha, A., Isa, M. A. & Rahila, T. C. (2015) The In-vitro Antibacterial Activity of Okra (A.
esculentus) Against Some Selected Bacteria from Maiduguri, North Eastern Nigeria. Int. J. Biosci. Nanosci,
2(4), 84-88.

Binalfew, F. & Alemu, Y (2016) Characterization of Okra (A. esculentus (L.) Moench) Germplasms
Collected from Western Ethiopia. Int. J. Res. Agric. For., 3(2), 11-17.

Bunu, S. J., Okei, J. O., Miediegha, O., Ebeshi, B. U. & Chukwuemerie, O. L. (2023) Assessment of
Secondary Metabolites and Thin-Layer Chromatographic Analysis of Carica papaya (Caricaceae) Leaves
Ethanolic Extract. J. Pharm. Res. Int., 35(36), 21-28.

Carla, C. C. R. C., Priscila, A. C., Maria, M R.F., & Lauro, X. F. (2011) Antibacterial Properties of the Extract
of A. esculentus. Biotechnol. Bioprocess Eng., 16(5), 971-977.

Chanchal, D. K., Alok, S., Kumar, M., Bijauliya, R. K., Rashi, S. & Gupta, S. (2018) A brief review on A.
esculentus Linn. Okra. Int J Pharm Sci Res, 9(1), 58-66.

Chaturvedi, A., Singh S. & Nag, T. N. (2009) Antimicrobial activity of flavonoids from in vitro tissue culture
and seeds of Gossypium species. Rom. Biotechnol. Lett., 15(1), 4959-4963.

Journal of Natural Products Discovery | ISSN 2755-1997 | 2024 | Volume 3, Issue 2, Article 2579, Page 11 of 13



Chika et al. | Antimicrobial properties of cotton and okra leaves extracts

Chaudhari, Y., Kumar, E. P., Badhe, M., Mody, H. R. & Acharya, V. B. (2011) An Evaluation of
Antibacterial Activity of A. esculentus on Clinically Isolated Infectious Disease-Causing Bacterial
Pathogen from Hospital. Int. 3. Pharm. Phytopharmacol. Res., 1(3), 107-111.

Chinweuba, A. J., Umetali, O. P., Otuokere, E. I.,, & Olisa, M. C. (2013) Preliminary Study on the
Phytochemical Constituents of Gossypium Hirsutum Leaves. Int. Conf. Chem. Agric. Med. Sci.

Chukwuka, K. S., Uka, U. N. & Omotayo, O. E. (2014) Interaction of Okra [A. esculentus (L.) Moench]
and Tithonia diversifolia (Hemsl) A. Gray) in an Agroecosystem. J. Agron., 13(4), 187-192.

Egbuta, M. A., Mcintosh, S., Waters, D. L., Vancov, T. & Liu, L. (2017) Biological Importance of Cotton By-
Products Relative to Chemical Constituents of the Cotton Plant. Molecules, 22(1), 93.
https://doi.org/10.3390/molecules22010093

El-Mesallamy, A. M. D., El-zaidya, M. I. M., Younesa, M. E. & Husseinb, S. A. M. (2023) Demonstration of
Phenolics Content from Different Parts of Gossypium barbadense L. Plant and Evaluation of Their
Antimicrobial Activity. Bull. Fac. Sci. Zagazig Univ., 2023(1), 169-175.

Giri, S., Giri, U., Subedi, K., Magar, K. T., Pan, S. & Joshi, K. R. (2020) Thin layer chromatography (TLC)
based chemical profiling and antioxidant activity of selected Nepalese medicinal plants. J. Health Allied Sci.,
10(2), 15-22.

Ikobi, E., Igwilo C. I., Awodele, O. & Azubuike, C. (2012) Antibacterial and Wound Healing Properties of
Methanolic extract of dried fresh Gossypium barbadense Leaves. Am. J. Biopharm. Pharm. Sci., 2(13), 32-
37.

Islam, M., Ali, E., Saeed, M. A., Jamshaid, M. & Khan, M. T. J. (2007-2010). Antimicrobial and Irritant
Activities of the Extracts of Malva parviflora L., Malvastrum coromandelianum L. and Amaranthus viridis L.
— A Preliminary Investigation. Pak. J. Pharm. 20-23 (1 & 2), 3-6.

Khanal, D. P., Raut, B., Dangol, K. S. (2015) Phytochemical Screening, Pharmacognostic Evaluation and
Biological Activity of Amaranthus spinosus L. J. Manmohan Mem. Inst. Health Sci., 1(4), 29-34.

Kubmarawa, D., Andenyang, I. F. H. & Magomya, A. M. (2009) Proximate Composition and Amino Acid
profile of two non-conventional leafy vegetables (Hibiscus cannabinus and Haematostaphis bacteri). Afr. J.
Food Sci., 3(9), 233-236.

Kumar, S., Jyotirmayee, K. & Sarangi, M. (2013) Thin Layer Chromatography: A Tool of Biotechnology for
Isolation of Bioactive Compounds from Medicinal Plants. Int. J. Pharm. Sci. Rev. Res., 18(1), 126-132.

Lawal, A. M., Lawan, M. M. & Apampa, S. A. (2019) Phytochemical Analysis and Thin Layer
Chromatography Profiling of Crude Extracts from Guiera Senegalensis (Leaves). Open Access J. Chem.,
3(2), 7-12.

Lima, L. F., Oliveira, J. O., Carneiro, J. N. P.,Lima, C. N. F., Coutinho, H. D. M. & Morais-Braga, M. F. B.
(2021). Ethnobotanical and antimicrobial activities of the Gossypium (Cotton) genus: A review. J.
Ethnopharmacol., 279, 114363.

Muhammad, F. Y., Kubmarawa, D., Jibrin, M. Y. & Runde, M. (2018) Antioxidant and antimicrobial activity
of essential oils extracted from aromatic plants. World Sci. News; 111(2018), 13-25.

Mustapha, A. A., Owuna, G., Ogaji, J. O., Ishaq, U. I. & Idris, M. M. (2015) Phytochemical Screening and
Inhibitory Activities of Anacardium occidentale Leave Extracts against Some Clinically Important Bacterial
Isolates.Int. J. Phcog. Phytochem. Res., 7(2), 365-369.

Namadina, M. M., Haruna, H. & Sunusi, U. (2020) Pharmacognostic, Antioxidant and Acute Toxicity Study
of Ficus sycomorus (Linn) (Moraceae) Root and Stem Bark. Fed. Uni. Dutsi-Ma J. Sci., 4(2), 605-614.

Nunes, X. P., Maia, G. L. A, Almeida, J. R. G. S., Pereira, F. O. & Lima, E. O. (2006) Antimicrobial activity
of the essential oil of Sida cordifolia L. Braz J. Pharmacogn., 16(Supl.), 642-644.

Nwobodo, H. A. (2013) Analysis of Antibacterial Activity of the Leaves of G. hirsutum on Selected Bacteria.
World J. Pharm. Res., 2(3), 781-790.

Journal of Natural Products Discovery | ISSN 2755-1997 | 2024 | Volume 3, Issue 2, Article 2579, Page 12 of 13


https://doi.org/10.3390/molecules22010093.

Chika et al. | Antimicrobial properties of cotton and okra leaves extracts

Ogunsola, O. K. & Fasola, T. R. (2014) The antibacterial activities of Sesamum indicum Linn. Leaf
extracts. Adv. Life Sci. Technol., 18, 28-32.

Okorondu, S. I., Okorondu, M. M. O. & Oranusi, S. C. (2015) Antimicrobial effect of Nicotiana tabacum
(Tobacco) leaf extract on Staphylococcus aureus and Escherichia coli. Nigerian J. Microbiol., 29: 3049-
3061.

Oni, M. O., Bello, O. O., Majebi, O. E., Adeola, T. B., Akinmolayan, T. A., Adenugba, A. A., Akintoyese, O.
T. & Oyeyemi, A. O. (2022) Antimicrobial and Phytochemical Evaluation of G. hirsutum Leaves on Some
Clinical Isolates in lle Ife, Osun State, Nigeria. Adeleke Uni. J. Sci., 1(2), 414-422.

Oscar, S. A., Antonio, C. N.,Marina, V., Elsa, R. S. & Gabriel, V. A. (2020) Phytochemical screening,
antioxidant activity and in vitro biological evaluation of leave extracts of Hyptis suaveolens (L.) from south
of Mexico. S Afr J Bot, 128(2020), 62-66.

Patil, C. D., Borase, H. P., Salunkhe, R. B., Suryawanshi, R. K., Narkhade, C. P., Salunke, B. K. & Patil, S.
V. (2014) Mosquito larvicidal potential of G. hirsutum (Bt cotton) leaves extracts against Aedes aegypti
and Anopheles stephensi larvae. J Arthropod Borne Dis, 8(1), 91-101.

Rajitha, S. A. B., Mohan, C., Upendra, J. M. & Satya P. K. (2022) Antimicrobial Efficacy of G. hirsutum L.
(Bt and Non-Bt) Phytochemical Extracts: The Most Widely Cultivated Species of Cotton in the World. Syst.
Biosci. Eng., 2(1), 1-9.

Rashed, A., Shaeroun, A., Ahmed, A. B., Algamoudy, H., Mohamed, K. S., Almunir, N., Kushlaf, N., EL-
mahmoudy, A. M., Misbah, A. A., Oshkondal, S. T. M. & Almesai, Z. R. (2019) Thin Layer Chromatography
(TLC) and Phytochemical Analysis of Moringa Oleifera Methanol, Ethanol, Water and Ethyl Acetate Extracts.
Saudi J Med Pharm Sci, 5(10), 817-820.

Saddiq, M., Salisu, A., Kabir, K. &, Hassan, Y. (2023) Antimicrobial Activity of Crude Fractions of Gossypium
barbadense Leaves and Isolation of Stigmasterol. Pharm Sci Res, 10(3), 200 - 207.

Sandra, F. O. (2017) Antibacterial Activity of Seed Extracts of Okra (A. esculentus) against Selected
Pathogens. Res. Rev.: J. Food Sci. Technol.; 6(1), 1-5.

Setiani, D. (2020) Antibacterial Activity Testing of Red Dragon Fruit Peel on Pseudomonas Sp. STRADA
Jurnal limiah Kesehatan, 9(1), 303-309.

Shamsudin NF, Ahmed QU, Mahmood S, Ali Shah SA, Khatib A, Mukhtar S, Alsharif, M. A., Parveen, H. &
Zakaria, Z. A. (2022) Antibacterial Effects of Flavonoids and Their Structure-Activity Relationship Study: A
Comparative Interpretation. Molecules, 27(4), 1149.

Solomon, S., Muruganantham, N. & Senthamilselvi, M. M. (2016) Antimicrobial activity of A. esculentus
flowers). Int. J. Herb. Med., 4(6), 46-49.

Vijapur, L. S., Srinivas, Y., Desai, Y. A., Hiremath, J. N., Swami, C. |. & and Shidramshettar, S. L. (2021)
Antimicrobial activity of the biosynthesized silver nanoparticles of G. hirsutum leaves extract. Glob. Sch.
Comm. Biol. Pharm. Sci., 15(03), 189-198.

Wulandari, A. & Wardani, D. K. (2019) Antimicrobial inhibition zone test of purple okra (A. esculentus)
extract on the growth of gram-negative bacteria. Med. Lab. Anal. Sci. J., 1(2), 59-64.

Zhou, H., Chen, L., Ouyang, K., Zhang, Q. & Wang, W. (2023) Antibacterial activity and mechanism of
flavonoids from Chimonanthus salicifolius S. Y. Hu. and its transcriptome analysis against Staphylococcus
aureus. Front. Microbiol. 13:1103476.

Journal of Natural Products Discovery | ISSN 2755-1997 | 2024 | Volume 3, Issue 2, Article 2579, Page 13 of 13



